) and controls (r=0.101, adjusted p=0.026). Conclusion: Our results indicate that both gender and age have great impacts on the association of the rs964184 polymorphism with CHD among
Introduction
Coronary heart disease (CHD), which is mainly caused by atherosclerosis, has become the leading cause of death worldwide (1) . Although the prevalence of CHD is now decreasing in highincome countries, most deaths caused by CHD occur in low-and middle-income countries (2) . The development of CHD is a very complex process. Its risk factors include age, gender, family history, dyslipidemia, hypertension, diabetes, cigarette smoking history, physical inactivity, and even psychosocial issues (3) (4) (5) . A twin study has established that gender factors play an extremely important role in CHD (6) . The interaction between environmental and genetic factors contributes to the morbidity of CHD (7, 8) .
A recent genome-wide association study (GWAS) found a significant association of the BUD13-ZNF259 rs964184 polymorphism with triglyceride (TG) levels (9) . Another GWAS identified that the rs964184 polymorphism was strongly associated with low-density lipoprotein cholesterol (LDL-C) levels in Chinese school-age children (10) . High LDL-C levels are risk factors for CHD (11) . BUD13-ZNF259 is located on 11q23.3 and encodes Zinc finger protein (ZPR1), which is a cytoplasmic zinc finger protein that interacts with tyrosine kinase receptors in quiescent mammalian cells (12) . ZPR1 transcription is upregulated in the brain tissues of mice fed a high-fat diet (13) . The high expression of BUD13-ZNF259 in neuronal cells can lead to increased H2O2-induced cell death, suggesting that a high-fat diet enhances ZPR1 mRNA expression and might increase vulnerability to oxidative stress (13) . We hypothesize that the BUD13-ZNF259 rs964184 polymorphism as a quantitative locus of TG increases the vulnerability of coronary artery endothelial cells to both oxidative stress and inflammatory response after damage. Furthermore, elevated serum TG levels are independent risk factors for CHD (5) . The BUD13-ZNF259 rs964184 polymorphism has been shown to affect lipid levels in the blood and thus increase the risk of CHD (14) .
Our previous association study in 290 patients and 197 conObjective: Coronary heart disease (CHD) is the most common cause of death worldwide. This study aimed to validate the association of the rs964184 polymorphism with the CHD risk and included 874 CHD patients and 776 controls. Methods: rs964184 polymorphism genotyping was performed using Tm-shift polymerase chain reaction. (16) ; at least two independent cardiologists were involved in adjudication. The controls were chosen from patients whose vascular stenosis rates were less than 50% in every coronary artery. The CHD patients included patients with a history of prior angioplasty or coronary artery bypass surgeries. Of them, 93 were excluded because of cardiomyopathy, congenital heart, liver or kidney disease. A total of 1661 blood samples from the CHD patients and controls were collected by the same investigator and were stored in 3.2% citrate sodium-treated tubes at -80°C. All blood samples were used for genotyping. Approximately 11 blood samples were not analyzed because of technical problems. Finally, a total of 1650 samples were used for genotyping. Our study was approved by the Institutional Review Board. Written information consent was obtained from all individuals.
SNP genotyping
Human genomic DNA was separated from peripheral blood samples using a nucleic acid extraction automatic analyzer (LabAid 820, Xiamen, China), and all DNA samples were stored in TE buffer. Genotyping was done by Tm-shift polymerase chain reaction (PCR) (17) . The sequences of the primers were 5'-gcgggcagggcggcTCACCATCTGATGTACTGTTTTCCTc-3' (AS1 primer), 5'-gattaccgTCACCATCTGATGTACTGTTTTCCTg-3' (AS2 primer), and 5'-TTCATGGAACTTGAAGTCTAGTGGGGA-3' (common primer). PCR amplification was performed on ABI GeneAmp® PCR System 9700 Dual 384-Well Sample Block Module (Applied Biosystems, Foster City, CA). The PCR process included an initial denaturation stage at 95°C for 30 s, followed by 40 cycles of 95°C for 30 s, 59°C for 30 s, 72°C for 30 s, and a final extension stage at 72°C for 5 min. Then, melting curve analysis was conducted on a Roche LightCycler 480® fluorescence quantitative PCR instrument (Roche, Basel, Switzerland). The process included using temperatures of 95°C of 15 s and 60°C of 30 s and then increasing the temperature by 0.11°C/s to 95°C. Melting curve data were acquired by Air borne software provided by Roche automatic clustering based on fluorescence intensity analysis (18) .
Statistical analysis
Hardy-Weinberg equilibrium (HWE) was analyzed according to Arlequin software Version 3.5 (Bern, Switzerland) and p>0.05 was considered to be in HWE. The differences in the genotype and allele frequencies between the CHD patients and controls were calculated by CLUMP22 software (Denmark Hill, London, UK) with 10,000 Monte Carlo simulations. Power analysis was performed by Power and Sample Size Calculation software, Version 3.0.43 (Nashville, TN, USA). The odds ratio (OR) and their 95% confidence intervals (95% CIs) were calculated using PASW Statistics 18.0 software (SPSS Inc., NY, USA). If the expected frequency for 22 and 23 chi-square and 22 tables was over 25%, Fisher's exact test can be used. Correlation analysis was used Pearson test and performed on both PASW and R statistical software (Stanford, California, USA). Two-sided p-value of <0.05 was considered to be statistically significant.
Results
The clinical and demographic details of the patients and controls [including smoking, hypertension, diabetes, and total cholesterol, high-density lipoprotein cholesterol (HDL-C), LDL-C, and TG levels] have been described in our previous studies (19, 20) . A case-control comparison of genotype and allele frequencies for the rs964184 polymorphism is presented in Table 1 . No departure of HWE was observed in the patients and controls. Our results revealed a strong association of the rs964184 polymorphism with the risk of CHD at the genotype and allele levels (genotype, X 2 =14.365, df=2, p=0.001; allele, X 2 =14.191, df=1, p=1.6710 -4 ). The frequency of the rs964184-G allele was significantly higher in the patients than in the controls (25.9% vs. 20.4%; p=1.6710 -4 , OR=1.368, 95% CI=1.162-1.611).
Breakdown analysis by gender showed a significant association in males (genotype: X 2 =12.387, df=2, p=0.002; allele: X 2 =12.404, df=1, p=4.3210 -4 ). In contrast, no significant association between the patients and controls was observed in females In Figure 1 , TG levels were showed to associated with rs964184 genotypes (patients: r=0.191, adjusted p=1.0510 -5 ; controls: r=0.101, adjusted p=0.026). Moreover, a significant reverse correlation was observed between age and TG levels ( ; controls: r=-0.0.037, p=0.411). Breakdown analysis by gender showed that a significant association only existed in male patients (Fig. 2, Panel B ; males: r=-0.203, p=4.7910 -7 , females: r=0.023, p=0.716). TG levels reduced with increasing age.
Discussion
In the present study, which contained a higher number of samples than our previous study, we wanted to confirm the association of the rs964184 polymorphism and the CHD risk. Our results revealed a significant association between the BUD13- ZNF259 rs964184 polymorphism and CHD. In addition, we investigated the effect of age and gender on the association of this polymorphism with CHD. CHD patients often have abnormal lipid phenotypes, including high LDL-C and low HDL-C as well as TG levels (4, 21) . The BUD13-ZNF259 rs964184 polymorphism has been shown to be associated with the risk of dyslipidemia (22, 23) . This polymorphism could influence blood lipid levels and increase the risk of cardiovascular (24) and cerebrovascular (17) diseases. Ueyama et al. (25) found that the rs964184-G allele was significantly associated with increases in serum TG levels and decreases in serum HDL-C levels in metabolic syndrome (MetS) patients from Japan (26). Mirhafez et al. (27) suggested that the CG+GG genotypes of the rs964184 polymorphism were associated with increased serum TG and LDL-C levels in MetS patients from northeastern Iran. Zhang et al. (28) showed that patients with the rs964184-CC genotype had the lowest TG level and that those with the rs964184 GG genotype had the highest serum TG level. In the present study, we confirmed a significant association of the rs964184 polymorphism with TG levels (Fig. 2) . In addition, we observed a significant inverse correlation between age and TG levels, suggesting that the older patients lave lower TG levels. This result seems to be in contrast with current knowledge that the risk of CHD increases along with increased TG levels and aging (21) . We speculate that these phenomena are caused by medicines taken by the patients and controls. Normally, older patients (patients and controls) tend to have a longer history of taking medicines that may reduce TG levels to a lower extent. An epidemiologic study has shown that the incidence of CHD was eight to nine times greater in men and women who aged 55-64 years than in young patients (29) . The death rate due to CHD increased quickly in patients aged 55 years and more and was higher in patients aged 65 years or more than in young patients (30) . Other studies have suggested that these rates were beginning to level off in younger age groups (31, 32) . Scientists have confirmed that genetic polymorphisms may play an important role in the pathogenesis of early onset CHD (33, 34) . Here we demonstrated significant differences between the rs964184 polymorphism and CHD in patients aged 55-65 years and those older than 65 years; thus suggested that aging is a robust risk factor for CHD (35) . Epidemiologic evidence has shown that men have higher cardiovascular disease morbidity and mortality rates than women (36) . Among conventional risk factors, diabetes mellitus and hyperlipidemia affected women more, while smoking was found to affect men more (37) . Along with the decreased secretion of testosterone and the accumulative effect of smoking and weight gain, middle-aged men have higher onset rates of CHD (38) . Women with late menopause and women who used postmenopausal estrogens had a significantly lower risk of CHD than those with early menopause and those who never used estrogen; this finding provided evidence that estrogen is a protective factor against CHD (39) . In the present study, further analysis by gender showed a significant association of age with TG levels only in males.
CHD is a dynamic inflammatory disease caused by atherosclerosis (40) . BUD13-ZNF259 encodes ZPR1 that interacts with tyrosine kinase receptors (17) . A study has shown that the inhibition of spleen tyrosine kinase (Syk) attenuates atherogenesis in mice and reduces the atherogenesis inflammatory process and plaque development (41) . The activation of Syk may play an important role in the development of atherosclerosis (42) . Using Syk as a target to block the pathway of inflammasomes may be a new anti-atherosclerotic treatment (43) . Although there is a lack of evidence supporting the relationship between ZPR1 and Syk, ZPR1 might be associated with atherosclerosis as well as CHD because of its interaction with tyrosine kinase receptors.
Study limitations
Our study had great power to detect a the relative association of the rs964184 polymorphism with CHD risk among Han Chinese. However, the current study has some limitations. First, patients who had no significant vasoconstriction seen during their angiography (<50%) were considered as controls. Their degree of vasoconstriction might be reduced due to a spontaneous re- 
Conclusions
Our results indicate that both gender and age have a great impact on the association of the rs964184 polymorphism with CHD among Han Chinese. Specifically, the rs964184 polymorphism may increase 70.6% of CHD risk in males between 55 and 65 years, and 111.2% of CHD risk in females older than 65. This gender-age interaction in the association of the BUD13-ZNF259 rs964184 polymorphism with CHD may be worth being validated in other populations.
